Abstract. Hepatic encephalopathy (HE) is a common complication of liver failure that is associated with poor prognosis. However, the prognosis is not uniform and depends on the underlying liver disease. Acute liver failure is an uncommon cause of HE that carries bad prognosis but is potentially reversible. There are several prognostic systems that have been specifically developed for selecting patients for liver transplantation. In patients with cirrhosis the prognosis of the episode of HE is usually dictated by the underlying precipitating factor. Acute-on-chronic liver failure is the most severe form of decompensation of cirrhosis, the prognosis depends on the number of associated organ failures. Patients with cirrhosis that have experienced an episode of HE should be considered candidates for liver transplant. The selection depends on the underlying liver function assessed by the Model for End-stage Liver Disease (MELD) index. There is a subgroup that exhibits low MELD and recurrent HE, usually due to the coexistence of large portosystemic shunts. The recurrence of HE is more common in patients that develop progressive deterioration of liver function and hyponatremia. The bouts of HE may cause sequels that have been shown to persist after liver transplant.
Introduction
Hepatic encephalopathy (HE) is usually interpreted as a sign of liver failure and has ominous considera-tions. However, as for other complications of cirrhosis (e.g. jaundice, hepatocellular carcinoma, hepatorenal syndrome. . . ), the prognosis of patients with HE is not uniform. Establishing the prognosis is difficult and requires a precise assessment of neurological and hepatic function [1] . HE is characterized by a myriad of neurological manifestations, diverse underlying liver disorders and a variety of precipitating factors [2] ; all of them may affect prognosis. The approach to the patient with HE should be performed according to the underlying disorders, as is recognized in the classification (Table 1 ). This article reviews the assessment of prognosis in patients with HE, based on the underlying liver disease and the severity of neurological manifestations. Unfortunately, the majority of studies have not classified the patients according to the type of liver disease and the availability of data in some areas is limited.
Acute liver failure
The development of HE in a patient that was previously asymptomatic should prompt the diagnosis of ISSN 0278-0240/11/$27.50  2011 -IOS Press and the authors. All rights reserved acute liver failure (ALF). This is a rare condition in which rapid deterioration of liver function results in altered mentation and coagulopathy [3] . The presence of HE is a requirement for the diagnosis; in other words, ALF cannot be diagnosed in the absence of HE. The most prominent causes of ALF are drug induced liver injury, viral hepatitis, autoimmune liver disease and shock [4] . However, approximately 20% of cases have no discernible cause [5] .
ALF often affects young persons and carries a high morbidity and mortality. It is unclear why some patients with the same apparent degree of severity and the same aetiology of liver failure have different outcomes. Indeed after the occurrence of encephalopathy, ALF patients can die without liver transplantation while others will recover either in a few hours or in a few days. Prior to transplantation, most series suggested less than 15% survival; liver transplantation has made it possible to achieve survival greater than 65% [5] . The prognosis of ALF depends on many factors. The most important are age, aetiology of ALF and clinical and biological status on admission and at the peak of deterioration.
ALF can occur through distinct pathways according to aetiologies; there is probably more than one mechanism responsible for ALF. High level of spontaneous recovery without liver transplantation (> 50%) is seen in patients with paracetamol overdose, acute hepatitis A infection, liver shock, and pregnancy-related ALF. To the contrary, prognosis is poor in patients with ALF due to indeterminate causes, drug-intoxication other than paracetamol, hepatitis B virus (HBV) infection, autoimmune hepatitis, Wilson's disease, and BuddChiari syndrome.
There are several prognostic systems that have been specifically developed for selecting ALF patients for liver transplantation [6] . Overall, such prognostic scores have proven to have acceptable specificity but have low sensitivity to determine outcome. Since the currently available prognostic scoring systems do not adequately predict outcome and determine candidacy for liver transplant the decision to proceed to liver transplant could not rely only upon them [3] . Each centre should establish its own transplant policy according to local epidemiology and experience and use the prognostic criteria as a tool, but not as definitive criteria. A flexible use of them with continuous monitoring seems to be the wiser approach. There is no unanimously accepted prognostic system. The most widely used are the King's College criteria [7] and the Clichy-Villejuif criteria [8] (Table 2 ). The King's College criteria have shown positive predictive values ranging from just below 70% to nearly 100% and negative predictive values ranging from 25% to 94% [9, 10] . The Clichy-Villejuif predicted death in acute viral hepatitis cases with a positive predictive value of 82% and a negative predictive value of 98 but subsequent studies have shown these criteria to be less accurate than King's College criteria in predicting outcome [11] .
The neurological status influences survival; severe HE (grade 3-4) upon admission and during hospitalization is a significant determinant of poor outcome [5] . For this reason, some centres have decided to use the severity of HE as a main determinant to select patients for liver transplant [12] . Advanced HE is a marker of the severity of liver function and of the presence of intracranial hypertension, a common complication 
of ALF that is responsible for an important number of deaths secondary to brain herniation. Recent studies have shown that the concentration of ammonia in plasma can be used to predict the development of intracranial hypertension, which may help to select patients who should undergo intracranial pressure monitoring. The risk of brain herniation is higher for plasma ammonia concentration above 200 microM/L [13] .
Acute HE in cirrhosis
The importance of HE in determining the prognosis of patients with cirrhosis has been acknowledged in the most widely used system that assesses the severity of liver failure: the Child-Pugh scoring system. However, the experience with patients that have undergone portosystemic shunts or Transjugular Intrahepatic Portosystemic Shunts (TIPS) showed that the development of HE in these patients is independent of survival. Clinical experience also indicates that there is a subgroup of patients with cirrhosis that in spite of developing multiple episodes of HE have a long-life. In accordance to these experiences, the MELD score, which has replaced the Child-Pugh system in the selection of patients for liver transplant, does not include HE.
Patients with cirrhosis presenting with acute HE should undergo a diagnostic process that assesses the presence of precipitating factors and the severity of liver function (Fig. 1) . It is possible to classify patients according to underlying liver disease and the previous performance status. For those with hepatocellular carcinoma (HCC), the Barcelona Clinic Liver Cancer (BCLC) system is the most appropriate [14] . In patients with cirrhosis that have not developed HCC a classification in stages has been proposed according to the presence of ascites and varices [15] . These stages have been established by combining data from 2 large natural history studies, recently refined by the results of an analysis of the prognostic significance of infection in cirrhosis (Fig. 2) [16] . In this classification stage 1 is defined by the absence of ascites and oesophageal varices (mortality at 1 year: 1%), stage 2 by the presence of oesophageal varices without bleeding (increase in mortality: 3%), stage 3 by the presence of ascites with or without oesophageal varices (increase in mortality: 20%) and stage 4 by the occurrence of variceal bleeding with or without ascites (increase in mortality to 57%). Newly proposed stages 5 (development of infections) and 6 (hepatorenal syndrome) define stages of more advanced severity. Interestingly, HE is not present in any of these stages, indicating that while HE is frequent at the time of death, is not a reliable indicator of prognosis in cirrhosis. This may be explained by the role of portosystemic shunting in the pathogenesis of HE and by the presence of precipitating factors that may directly affect prognosis.
Acute-on-chronic liver failure
A major pathogenic element in the development of HE is the presence of portosystemic shunting, which may be intrahepatic or extrahepatic [1] . Severe liver diseases cause intrahepatic shunts due to endothelization of sinusoids and insufficient liver mass. They are recognized by the development of coagulopathy (longer prothrombin time) and jaundice (high bilirubin). The most characteristic extreme example of this situation is acute-on-chronic liver failure (AOLF) and terminal irreversible cirrhosis secondary to advanced HCC. Patients that develop HE as the final event of liver failure are usually identified in this terminal situation before the occurrence of HE; they develop a progressive decline in their quality of life and show a poor performance status for weeks before the development of HE.
AOLF has been coined to refer to a situation that is poorly defined: severe liver failure that develops in a relatively short period of time (typically less than 4 weeks), secondarily to a precipitating event (e.g. acute alcoholic hepatitis), in a patient with previously compensated cirrhosis [17] . The severity of liver failure is recognized by high bilirubin, prolonged prothrombin time and the development of failure of other organs (kidney failure, hypotension, respiratory failure. . . ).
Patients with AOLF are critically ill and are usually managed in a critical care environment. Due to the lack of diagnostic criteria, the prognosis of AOLF has not been specifically studied. In a population that probably corresponds to AOLF (cirrhotic patients with MELD > 18 and signs of systemic inflammatory response) the in-hospital mortality is around 50% [18, 19] .
The most important factor that determines prognosis in AOLF is the development of multiorgan failure. Scoring systems that have been developed for critically ill patients (SOFA, APACHE II and III) have shown a better reliability than the Child-Pugh or the MELD to identify patients with bad prognosis. These systems provide operational criteria to define extra-hepatic organ failure. It has been shown that patients with 2 organ failures or undergoing the artificial support of 2 organic systems have a high mortality (approximately 75%). This mortality approaches 100% for 3 or more failing organs [20] .
One important determinant of prognosis for patients with AOLF and severe HE (grade 3-4) is the lack of improvement of HE during the first week of treatment. This was clearly shown in a clinical trial that investigated the effects of MARS (Molecular Absorbent Recirculating System) therapy for severe HE [21] . The study included 70 patients (MELD 30 ± 10) that were randomized to receive MARS (up to 5 days) or standard medical therapy alone. Treatment with MARS resulted in a more rapid improvement of HE and for those with MELD>30 in a better 2-week survival. The authors found that in this population, which had a predicted mortality above 75%, the two factors that were predictors of a 4-week survival were performance of liver transplantation and improvement of HE by 2 grades in the 5 days study period.
In conclusion, patients with HE and AOLF have a bad prognosis and if possible liver transplant should be a priority. For those awaiting transplant, MARS could become part of a bridging strategy. Patients with AOLF that develop more than two organ failure or exhibit lack of improvement of severe HE after 5 days of treatment have a very poor prognosis. In this situation, supportive therapies may be considered futile and the therapeutic efforts could be limited.
Episodic HE
Episodic HE in cirrhotic patients is associated with short life expectancy. One study that investigated survival after the first episode of HE found a cumulative survival a one year of 42% and at 3 years of 23% [22] . These results were obtained in the 1990s in a liver unit with a large experience in management of cirrhosis. Since the data were obtained in a referral centre with a transplant program, they may be biased towards more severe patients. However, the data are in agreement with the results previously reported by other authors [23, 24] . The authors proposed that the prognosis in cirrhotic patients developing HE has not substantially changed during the last decades and that all patients that have developed HE should be considered liver transplant candidates.
The outcome of HE in patients with cirrhosis that do not fulfil the criteria for AOLF is usually determined by the precipitating factor. This concept proceeds from the experience in clinical trials [25, 26] . The precipitating factor is a clinical event that does not cause a direct injury to the liver or to the portal-systemic circulation but is responsible for the acute change in the mental state. Precipitating factors appear to act by increasing the generation of putative toxins or enhancing the effects of the toxins on the central nervous system. They are temporally related to the development of HE and their correction to the re-establishment of consciousness. Several factors are traditionally considered under this category (gastrointestinal bleeding, constipation, excessive protein intake, dehydration, electrolyte disturbances, renal failure and infection), and are thought to explain the majority of episodes of HE. However, a significant number of episodes are not related to a precipitating factor [27] .
Patients that have survived to an episode of HE should be evaluated for liver transplant. The system to decide if a patient is an appropriate candidate is not different from the currently used in most centres. The prognosis after HE is clearly related to the severity of liver failure. In the study by Bustamante [22] the authors related survival to bilirubin, albumin, prothrombin time, urea and potassium. This supports the use of MELD in deciding which patients that have developed HE should undergone liver transplant. Nevertheless, one retrospective study shows that HE provides additional prognostic information than the one given by MELD [28] . Future studies should confirm this finding, before modifying the current transplant policy.
Large portosystemic shunts
The development of HE may be determined by large extrahepatic portosystemic shunts. The experience with surgical porto-caval anastomosis and with TIPS indicates that these are high-risk patients for HE. According to studies in patients with TIPS, the prognosis in this situation, as in patients without TIPS, is determined by parameters of liver function that are included in the MELD [29] . The development of severe HE (grade 3-4) is associated with a higher degree of mortality, probably because identifies hospitalized patients with a severe decompensation [28] . Interestingly, the prognosis is better in patients with TIPS than in those without TIPS, supporting the notion than in the presence of large portosystemic shunts the severity of HE is less important than in the presence of other precipitating factors.
There is a group of patients with cirrhosis and large spontaneous shunts (non-procedural shunts). The prognosis of these patients appears to be similar to the one of those that have undergone procedural shunts [30] . Patients with large spontaneous shunts are usually characterized by good parameters of liver function and do not fulfil the criteria for liver transplant. Large shunts may be suspected by a history of frequents episodes of HE, lack of variceal haemorrhage and relatively preserved liver function (lack of coagulopathy and jaundice) [31] . These patients should undergo imaging of the portosystemic circulation. The survival of patients with large spontaneous portosystemic shunts has not been specifically investigated. The experience in patients with surgical shunts suggests that this condition has a much better outcome than the development of HE in the absence of large shunts.
Recurrence of HE
HE is characterized by its elevated tendency to relapse; it has been estimated that approximately half of the patients that survive to an episode of HE will recur during the following year [32] . One of the factors that have been proposed to identify the subjects that will suffer a new episode of HE is the presence of minimal HE. However, part of the prognostic significance can be attributed to the presence of more severe liver failure among patients with minimal HE [33] . The combination Child-Pugh B/C and minimal HE, detected by electroencephalogram (EEG) [34] or by critical flicker frequency (CFF) [35] identifies those patients at a higher risk of recurrence.
In patients with minimal HE the presence of a high ammonia value after an oral glutamine challenge is associated with the development of HE [36] . This finding was explained by a higher activity of intestinal glutaminase, an enzyme that is present in the intestinal mucosa and deaminates glutamine. The activity of glutaminase may determine the hyperammonemia that follows the digestion of proteins. One interesting observation has been the identification of specific polymorphisms in the glutaminase gen that may increase the activity of intestinal glutaminase and through this mechanism predisposes to the occurrence of episodic HE in affected individuals [37] . If confirmed, genetic polymorphism should be included in the group of predisposing conditions. Apart from identifying high-risk patients, the assessment of the polymorphism may initiate the era of personalized medicine in the field of HE.
Several studies in cohorts of patients with advanced HE have demonstrated that those variables that are more closely related to the occurrence of HE are an increase in serum creatinine and a decrease in plasma sodium [38] [39] [40] . The most plausible explanation is a decrease in the capacity of the kidney to remove ammonia and an increase in the susceptibility for the developing brain edema, a key component of HE. This finding has lead to propose therapies for circulatory dysfunction to prevent the recurrence of HE.
Patients with procedural portosystemic shunts typically stop suffering gastrointestinal bleeding, but develop HE. Approximately, one third of patients submitted to a TIPS will experience HE [41] . Non-selective portal-systemic shunts (porto-caval, mesocaval) produce more encephalopathy than do selective shunts (distal splenorenal). However, selectivity of splenorenal shunts is lost in the long-term. Elderly patients and those that have poor liver function are at higher risk for post-shunt encephalopathy. There is no hepatic functional test that identifies with confidence those individuals that will develop HE. Reduction of the diameter of TIPS is associated with improvement of HE. Interestingly, patients with loss of portal perfusion before TIPS are protected against post-TIPS HE [42] . * Fig. 3 . The development of hepatic encephalopathy before liver transplantation is associated with worse cognitive function after liver transplant (modified from Garcia-Martinez et al. [51] ) ( * p < 0.05).
Sequels of HE
The metabolic nature of HE described in the 1950s [43] together with the observation of recovery between episodes led to the traditionally belief that HE is fully reversible. Recent studies, most of them performed in transplanted patients but also in cohorts of cirrhotic subjects, showed increasing evidence that challenges this classical view.
In a recent study that included a large cohort of cirrhotic patients [44] , the authors found that those subjects that developed episodes of HE did not improve psychometric parameters with repeated testing (lack of "learning effect"). The same feature was observed with different psychometric tests in different populations [40, 45] confirming persistence of deficits after HE.
Since the implementation of liver transplantation (LT) it has been demonstrated its ability to improves HE, even in patients with severe manifestations [46, 47] . However, studies that have assessed neuropsychological function following LT found a heterogeneous outcome with persistent cognitive deficits [48] [49] [50] [51] . Many other factors can impact in the postransplant cognitive function such as pretransplant (alcohol aetiology, prior cerebrovascular disease), peritransplant (ischemia) and postransplant events (immunosuppression, infections, stroke. . . ). One study that performed a prospective assessment up to nine years after LT observed that cognitive function at long-term was associated with vascular risk factors and signs of small-vessel cerebral disease in MR images [52] . However, these recent studies support the notion that HE is associated with permanent sequels [51] .
The origin and nature of these persistence deficits are not well known. Different neuroimaging techniques have shown some degree of brain atrophy in patients with chronic HE [53, 54] as well as neuropathological studies [55] . The prevalence and the degree of atrophy were higher among alcoholic patients. This feature could be explained by the fact that alcohol cause a doserelated brain shrink which is partially reversible with abstinence [56] . A recent prospective study performed in a group of patients before and after LT showed an association between prior HE with posttransplant cognitive deficits (Fig. 3) and smaller brain volume. In addition, the smaller brain volume after LT correlated with lower levels of N-acetyl-aspartate/cr considered a neuronal marker [51] . A plausible explanation for these finding is that the chronic exposition to toxins involved in the pathogenesis of HE could cause loss of brain tissue. This hypothesis is supported by the neuropathological demonstration of neuronal loss in the most severe cases of HE [57, 58] .
The concept that the episodes of HE may lead to irreversible decline in cognitive function has important consequences. It has been recently shown that lactulose and rifaximin decrease the risk of the recurrence of HE [27, 32] . Thus, secondary prophylaxis with these drugs is recommended to decrease the number of further episodes of HE. Additional benefits may include preventing neuropsychological decline and may extent to the post-liver transplant period. In addition to this, is important to prevent "premature aging" of the brain by identifying and treating vascular risk factors, such as diabetes mellitus and arterial hypertension, and prescribing the minimal possible dose of immunosupressors.
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